Recent work examining the effects of the ACA Medicaid expansions on coverage in 2014 showed an increase in Medicaid take-up among potentially eligible adults in states that expanded relative to nonexpanding states, with average estimates ranging from a 4 percentage-point increase among low-educated adults (high school or lower education) who are more likely to qualify for coverage to nearly 10 percentage points among lowincome adults (<138 percent of FPL; Wherry and Miller 2016) . Coverage gains and uninsured rate declines in 2014 following the Medicaid expansions are suggested to be even larger in certain states such as Kentucky (Benitez, Creel, and Jennings 2016) than these average estimates. When examining heterogeneity in the Medicaid expansion effects by demographic characteristics, greater Medicaid take-up is reported for younger adults and unmarried individuals, and slightly larger effects are reported for nonwhites (Courtemanche et al. 2017) . Prior work has found that the Medicaid expansions had crowd-out effect on private coverage in 2014.
We examine the impact of ACA Medicaid expansions on Medicaid take-up and coverage status in through 2015, providing one of the first investigations of the Medicaid expansion effects in the second year of implementation. In doing so, we provide a timely assessment of how these expansions have continued to affect health coverage in expanding relative to nonexpanding states. In addition to examining effects on Medicaid take-up and uninsured status, we also evaluate changes in private coverage (both individually purchased and employer sponsored) given the possibility of crowd-out with public insurance expansions especially for individually purchased coverage (Gruber and Simon 2008) .
We also examine the effects of the Medicaid expansions on coverage status and type by age, race/ethnicity, and gender, which have historically been linked to large disparities in health insurance coverage. Understanding the expansion impacts by age is important because uninsured rates have been historically highest among young adults and were nearly 30 percent in 2010 (US Census Bureau 2010). Furthermore, beginning in 2010, the ACA mandated that private insurance plans allow adults aged 19-26 years to be covered on their parents' plans, which has resulted in increased private coverage in this group (Shane et al. 2016) . Therefore, understanding whether the Medicaid expansions have complemented or offset the dependent adult mandate effects is also relevant for understanding the net ACA impact on coverage for this group.
Extensive disparities in coverage have also historically existed by race/ ethnicity, especially among young adults with markedly higher pre-ACA uninsured rates overall among Hispanics (~31 percent) and non-Hispanic blacks (~21 percent) compared to whites (~12 percent) (United States Census Bureau 2010). Even though uninsured rate differences by race/ethnicity are less striking when examining low-educated adults aged 19-64, who are most affected by the Medicaid expansions, disparities are also observed in uninsured rates and source of coverage in this group. Therefore, it is important to examine changes in coverage across racial/ethnic groups, especially since the ACA Medicaid expansions disproportionally apply to minorities (Abdus, Mistry, and Selden 2015) . The pre-ACA uninsured rate has also been higher among men than women by over 3 percentage points (United States Census Bureau 2010). Larger gender and age disparities in coverage are seen when examined by race and when focusing on low-educated adults as shown below. Therefore, it is important to examine changes in coverage across groups defined by combinations of these demographic factors, including by both race/ethnicity and gender, by age and race/ethnicity, and by age and gender.
Prior work examining the heterogeneity in the ACA Medicaid expansion effects by demographic factors has been limited to 2014 data (Courtemanche et al. 2017 ) and has focused on broad groups (e.g., non-Hispanic white vs. nonwhite or grouping individuals affected differently by the ACA into the same group such as combining adults aged 19-26 years impacted the dependent coverage mandate with 27-to 34-year-olds) and did not examine group interactions (e.g., gender by race/ethnicity or age by race/ethnicity). We provide the most granular and comprehensive assessment to date of changes in coverage disparities across various demographic groups following the ACA Medicaid expansions with the goal of understanding whether and how the ACA Medicaid expansions have modified these disparities. We focus on low-educated adults, who are the group most likely to be affected the Medicaid expansions. Examining changes in coverage is especially important because of the evidence of beneficial effects of Medicaid and health insurance expansions on health outcomes and access to care, including from prior state expansions for children (Currie and Gruber 1996) or adults (Miller 2012; Baicker et al. 2013) as well as early evidence from the ACA Medicaid expansions (Wherry and Miller 2016) .
METHODS
We used data from the American Community Survey (ACS), an annual survey of nationally representative samples of the United States (US Census Bureau 2016). The ACS is a mandatory survey-sampled individuals are legally required to respond to the survey-which limits nonresponse bias and enhances generalizability. The ACS has recently sampled over 3 million housing addresses annually through monthly samples covering small census areas. For housing units selected for data collection (e.g., excluding commercial and nonexistent addresses), response rates have generally been over 95 percent (except in 2013 when response rate was 89 percent due to suspended followup of initial nonrespondents during the temporary government shutdown).
The ACS attempts to collect data first via an Internet survey, then by mail (if there is no response to Internet survey), then by a phone interview (if there is no response via mail), then by a personal visit. In addition to demographic and socioeconomic data, questions on health insurance (status and type of coverage) are also asked. Response rates to the health insurance questions are relatively high (nearly 90 percent or higher in recent years; Clark 2014). We included data from 2011 through 2015, the last year of ACS data currently available. Because the Medicaid expansions apply only to poor adults (below 138 percent of federal poverty line), our sample only includes low-educated adults (high school or less) in the same because they are mostly likely to be affected by the ACA expansions. Based on the ACS data, mean annual personal income among adults aged 19-64 years with high school or less is 23,000, compared to~49,000 among adults with higher education. We did not select the sample based on household income (or poverty level) because income is potentially endogenous to insurance coverage status and Medicaid expansions through changes in employment or wages (Dave et al. 2015) . Our total sample included 3,137,989 observations.
Our analysis was a difference-in-differences (DD) regression model examining the impact of the state Medicaid expansions in 2014 and 2015 on coverage controlling for time trends shared by expanding and nonexpanding
The ACA Medicaid Expansions and Coveragestates and state fixed effects that account for time-invariant differences between states. Under the assumption of shared time trends unrelated to the expansions, the DD model can identify the causal effects of the expansion on coverage. For the total sample and for each demographic group, the regression was specified as follows when estimating the overall expansion effect in 2014-2015:
where for individual i in state j in year t, Coverage is one of the 0/1 indicators for coverage status or type (Medicaid, individually purchased, employer-sponsored, and uninsured), Medicaid_Expansion is a 0/1 indicator for states that expanded Medicaid in 2014 (treatment group) versus those that did not (control group), Post is a 0/1 indicator for postexpansion years (2014 or 2015) , and Year and State are vectors of year and state fixed effects, respectively. The key DD parameter is b 1 , which identifies the expansion effect by subtracting the national time trends captured by the Year vector from the pre-post expansion change. The State vector captures time-invariant differences between states including differences between states that expanded Medicaid following the ACA and those that did not, including differences prior to the Medicaid expansions. Therefore, there is no need to add a separate effect for the Medicaid_Expansion indicator (which would be collinear with the state fixed effects). Similarly, because of the year fixed effects, there is no need to add a separate effect for the Post indicator. A similar specification was estimated when examining the expansion effects separately in 2014 and 2015 except for adding separate Medicaid_Expansion 9 Post interactions for these 2 years as follows:
where Post1 and Post2 are 0/1 indicators for 2014 and 2015, respectively, and b 1 and b 2 identify the expansion effects separately in 2014 and 2015. Table S1 in Appendix SA2 shows state assignment into the treatment or control group and those that were excluded from the main and sensitivity analyses. The treatment group in the main analysis included those that expanded on January 1, 2014, and did not have full expansions (i.e., to the 138 percent FPL for all adults aged 19-64 years) prior to that. Among these, some We estimated the models using linear probability regression weighted by the ACA sampling probability weights to account for the survey sampling design and improve generalizability of estimates and clustered the standard errors at the state level (Cameron and Miller 2015) . Estimating a logit that includes the state fixed effects as dummy variables does not necessarily remove the bias from state time-invariant unobservables, which may still bias the estimated policy effects (Wooldridge, 2002) .
We examined the following age groups separately: 19-26, 27-35, 36-45, 46-55, and 56-64 years. These groupings enable the most granular and balanced assessment for heterogeneity effects across age while ensuring meaningful age differences between the groups and minimum sufficient sample sizes for each group. We first examined 19-to 26-year-olds who are eligible for parental coverage under the ACA-dependent coverage mandate since they may be affected differently by the ACA Medicaid expansions (both in their Medicaid or private coverage) than older individuals who are not impacted by the dependent coverage mandate. For older groups, we defined age groups in intervals of about 10 years to obtain balanced groups for examining the heterogeneity of expansion effects by age. Even among adults older than 26, uninsured rates were generally lower with age before the ACA (United States Census Bureau 2010). Therefore, the expansion may have different effects by The ACA Medicaid Expansions and Coverageage, including potentially stronger effects among the younger groups with higher pre-ACA uninsured rates. When stratifying by race/ethnicity, we estimated separate models for four groups, including non-Hispanic whites, nonHispanic blacks, Hispanics, and other race/ethnicity. The sample size was too small to separate the last group into additional race/ethnicity groups. We also estimated separate models for men and women, as well as models by both age and race/ethnicity, gender and race/ethnicity, and age and gender. When grouping by age and another factor, we limited the analysis to three age groups: 19-35, 36-55, and 56-64 years to keep minimum sufficient sample sizes. Tables S2 and S3 in Appendix SA2 present a comparison of coverage status and type in 2011-2013, 2014, and 2015 for the overall study sample and for each of the analyzed subgroups separately for expanding and nonexpanding states. Based on this descriptive analysis, Medicaid coverage rates were higher and uninsured rates lower in 2014-2015 for all subgroups in both expanding and nonexpanding states. Private coverage (employer-sponsored or individually purchased) rates were also slightly higher in both state groups and for most demographic subgroups. The uninsured rate in 2011-2013 ranged from~40 percent among young adults (19-35) to~20 percent among 56-to 64-year-olds, but differences by age tightened in 2014-2015. The uninsured rate was highest among Hispanics (over 50 percent), particularly among men and young adults in both periods. The uninsured rate was also higher among men than women over this period in every racial/ethnic and age group, except for 56-to 64-year-olds who had a similar uninsured rate by gender. Differences in uninsured rates by age, race/ethnicity, or gender prior to the expansions were overall comparable between the expanding and nonexpanding states.
RESULTS

Descriptive Analysis
DD Estimates of Medicaid Expansion Effects
Average Effects in 2014-2015. Table 1 shows the DD estimates of the effects of ACA Medicaid expansions on Medicaid take-up, private coverage, and uninsured status in the total sample and across the subgroups we examined, first combining 2014 and 2015. Among low-educated adults aged 19-64 years, Medicaid take-up increased by 6 percentage points and the uninsured rate declined by 4.8 percentage points after the Medicaid expansions. There were The ACA Medicaid Expansions and Coverage The ACA Medicaid Expansions and Coveragesmall and insignificant declines in individually purchased and employer-sponsored coverage with the expansions. Stratifying by age showed that Medicaid take-up following the expansions significantly increased across all age groups but slightly declined with age. The expansion effect was largest among younger adults with take-up increasing by 7.1 percentage points among 19-to 26-year-olds and 6.8 percentage points among 27-to 35-year-olds. Among older adults, Medicaid take-up increased by 4.7-6.1 percentage points. The declines in uninsured rate by age echoed those of Medicaid take-up and ranged from 3.5 percentage points for 56-to 64-year-olds to 5.6 percentage points for 19-to 26-year-olds. Across all age groups, there was a slight decline of 1 percentage point in any private coverage (combining individually purchased and employer-sponsored coverage) that was generally insignificant (marginally significant among 19-to 26-yearolds). There was a similar decline in individually purchased coverage for 36-to 45-(significant) and 56-to 64-year-olds (marginally significant).
The expansions significantly increased Medicaid take-up and reduced the uninsured rate for all four groups defined by race/ethnicity but had the largest effect on Medicaid take-up among Hispanics (6.9 percentage points) followed by non-Hispanic blacks (6.6 percentage points), other non-Hispanic nonwhites (5.7 percentage points), and non-Hispanic whites (5.4 percentage points). Hispanics had also the largest decline in uninsured rate by 5 percentage points followed by non-Hispanic blacks (4.5 percentage points). There were marginally significant declines of 1-2 percentage points in private coverage among all groups of 1-2 except other non-Hispanic nonwhites (because this group had the smallest sample size).
Stratifying by gender revealed greater Medicaid take-up among women (6.4 percentage points) than men (5.8 percentage points). However, the decline in uninsured rate was slightly higher among men than women who had a larger and marginally significant decline in private coverage (any coverage or individually purchased coverage).
All subgroups stratified by both gender and race/ethnicity had significant increases in Medicaid take-up, ranging from 5.2 percentage points for non-Hispanic white men to 7.5 percentage points for Hispanic women. Takeup among Hispanic women exceeded that among Hispanic men by 1 percentage point, but differences by gender were smaller for the other racial/ethnic groups. The decline in uninsured rate was largest among Hispanic women and non-Hispanic black men at 5.1 percentage points, and lowest among other non-Hispanic nonwhite men (3.8 percentage points). Private coverage significantly declined, however, among non-Hispanic white, non-Hispanic black, and Hispanic women by nearly 2 percentage points. Among non-Hispanic black women, there was also a marginally significant decline in employersponsored coverage. Other non-Hispanic nonwhite women had also a significant decline in individually purchased coverage by nearly 3 percentage points.
All subgroups defined by age and race/ethnicity also had significant increases in Medicaid take-up, ranging from 3.3 percentage points for nonHispanic white 56-to 64-year-olds to 7.8 percentage points for Hispanic 56-to 64-year-olds. Differences in take-up by age were largest among non-Hispanic whites with twice as high take-up among 19-to 35-than 56-to 64-year-olds. In contrast to non-Hispanic whites and to non-Hispanic blacks and similar to Hispanics, take-up among other non-Hispanic nonwhites was highest among 56-to 64-year-olds. Changes in uninsured rates had an overall similar pattern, with non-Hispanic white 56-to 64-year-olds having the lowest decline in uninsured rate (2.2 percentage points) and 19-to 35-year-olds the highest decline (5.9 percentage points). Non-Hispanic nonwhite 19-to 35-year-olds had an insignificant decline in uninsured rate that was smaller than that of young adults of other race/ethnicity. Any private coverage declined for all groups, but the change was only significant for non-Hispanic white 36-to 55-year-olds and marginally significant for non-Hispanic black 19-to 35-and 56-to 64-year-olds, and Hispanic 19-to 35-year-olds. Individually purchased coverage also significantly declined among non-Hispanic white 56-to 64-year-olds. Furthermore, there was a marginally significant 1 percentage-point decline in employer-sponsored coverage among Hispanic and non-Hispanic black 19-to 35-year-olds.
Stratifying by both age and gender showed significant increases in Medicaid take-up for all subgroups ranging from 3.9 percentage points for 55-to 64-year-old men to 7 percentage points among 19-to 35-year-old men, and declines in uninsured rate between 2.8 and 5.9 percentage points also bounded by these two subgroups. Employer-sponsored coverage significantly declined among 19-to 35-year-old women, while individually purchased coverage declined among 36-to 55-and 56-to 64-year-old women. Changes in private coverage were much smaller among men for all age groups and none was significant.
Separate Effects for 2014 and 2015. are tests of differences in effects between the 2 years. For the total sample and for every subgroup, the effects on Medicaid take-up and uninsured rates in 2015 were nearly double those in 2014 and the difference was statistically significant. Furthermore, the patterns across the demographic groups described above were generally consistent with effects in each year. On the other hand, the declines in private coverage were much more prominent in 2015 than 2014, particularly for individually purchased coverage. There was also evidence for greater decline in employer-sponsored coverage in 2015 for 19-to 26-year-olds, Hispanic women, 19-to 35-year-old Hispanics, and 19-to 35-year-old women.
Sensitivity Analyses. Table 3 reports the average effects of the Medicaid expansions in 2014 and 2015 excluding states that had prior partial or full expansions from the treatment and control groups (as defined in Table S1 in Appendix SA2). In this restricted sample, overall Medicaid take-up among low-educated 19-to 64-year-olds was similar to the full sample, but the decline in uninsured rate was smaller by over 1 percentage point, due to a significant and larger decline in private coverage compared to the full sample. There were a few other noteworthy differences between the restrictive and the full sample for the stratified subgroups. First, private coverage declined significantly for most subgroups, with declines by over 5 percentage points for other non-Hispanic nonwhites and 3.5 percentage points for Hispanics, leading to small and insignificant declines in uninsured rate for these two groups. Among Hispanics, there were significant declines in both individually purchased and employer-sponsored coverage. Because of the overall large declines in private coverage in the restricted sample, significant declines in uninsured rate were mostly observed only for non-Hispanic blacks and whites, including when stratifying by race/ethnicity and age (or gender). The uninsured rate still significantly declined for Hispanic 19-to 35-year-olds but by much less than their non-Hispanic white and non-Hispanic black counterparts. Differences in effects across demographic groups defined by age or gender (or both) were overall more consistent between the restricted and the full sample. When comparing the separate estimates for 2014 and 2015 between the full and restricted sample, the key differences and similarities were generally comparable to those of the average effects combining 2014 and 2015 (Table 4) . Because our study years follow the Great Recession and include the weak recovery period, we also examined whether changes in the unemployment rate during this period may have influenced the estimated effects of the Medicaid expansions for the total sample and each of the subgroups. We did this by re-estimating the models controlling for the state unemployment rates in each year. We found no meaningful changes in the results (Tables S4 and S5 in Appendix SA2).
DISCUSSION
We provide a timely and detailed assessment of the effects of the ACA Medicaid expansions on Medicaid and private coverage through 2015 among loweducated adults and across various demographic subgroups who differed in their pre-ACA uninsured rates to evaluate if they responded differently to the expansion. Examining this potential heterogeneity is important for evaluating the returns of this policy and understanding changes in coverage disparities following the expansions. Using our main sample that included all nonexpanding states and states that expanded before or on January 1, 2014, we found that the ACA Medicaid expansions significantly increased Medicaid coverage and reduced uninsured rates across virtually all the examined demographic groups defined by age, race/ethnicity, and gender or combinations of these variables. Therefore, coverage gains appear to be spreading across the entire targeted population. Furthermore, the expansion effects intensified in 2015 and were nearly double those in 2014 for the total sample and many of the subgroups. This indicates that not only were the 2014 coverage gains maintained in 2015 but that new individuals gained coverage at nearly the same rate as in 2014.
In terms of changes in demographic disparities based on the main sample, there is evidence that the expansions have somewhat reduced coverage disparities by age given the larger increase in take-up and decline in uninsured rates among young adults. For instance, the Medicaid expansions have reduced the coverage gap between 19-to 26-and 56-to 64-year-olds by 3 percentage points in 2015, or by nearly 15 percent relative to the~19 percentagepoint gap in coverage in 2011-2013 between these two groups. However, important coverage gaps continue to exist in coverage by age with over 20 percent of 19-to 45 year-olds (including a quarter of 27-to 35-year-olds) being without coverage in 2015, compared to~10 percent of 56-to 64-year-olds. Therefore, while efforts should continue to expand Medicaid enrollment across the eligible population, there appears to be a need for policies and interventions that specifically target eligible young adults.
The ACA Medicaid Expansions and Coverage
Similarly, even though the expansions have reduced uninsured rates across racial/ethnic groups, there is only a slight change in coverage disparities by race/ethnicity. For instance, the uninsured gap between Hispanics and non-Hispanic whites has only declined by 1 percentage point in 2015 or by 4 percent of the nearly 25 percentage-point gap in 2011-2013 due to the Medicaid expansion, and the uninsured rate continued to be nearly three times higher among non-Hispanic whites. However, the main sample estimates indicate that demographic subgroups with some of the highest uninsured rates prior to the expansions such as minority young adults, minority men, young men, and Hispanic women have generally achieved meaningful declines in uninsured rates. On the other hand, Medicaid take-up and uninsured decline rates were lower among other non-Hispanic nonwhites compared to other minorities especially among young adults and men who had high uninsured rates before the expansion, suggesting a slight increase in disparity compared to non-Hispanic whites. These findings indicate that additional efforts are needed to increase take-up among eligible adults particularly among Hispanics and other minorities for the expansions to become more impactful in reducing racial/ethnic disparities in coverage. In terms of gender disparities, men continue to have a higher uninsured rate than women by a relatively similar margin after the expansion as before.
There is some evidence for crowding out private coverage in certain subgroups, particularly among young adults aged 19-26 years and women. Among women, crowd-out effects were strongest among 19-to 35-year-olds, Hispanics, and non-Hispanic blacks. A few other groups such as middle-age whites and young Hispanics have also significant decline in private coverage. Crowd-out effects were generally stronger in 2015 and were more prominent for individually purchased coverage. However, there is some evidence for crowd-out in employer-sponsored coverage for several groups including 19-to 26-year-olds, Hispanic and non-Hispanic black women, 19-to 35-year-old Hispanics and non-Hispanic blacks, and 19-to 35-year-old women. Even though effects on private coverage crowd-out were smaller than the gains in Medicaid coverage (and in some cases only marginally significant), they are meaningful in magnitude to warrant monitoring going forward. Despite the small crowd-out effects among young adults aged 19-26 years, the net decline in uninsured rate in this group suggests that the Medicaid expansions are not meaningful offsetting but are rather complementing the ACA-dependent coverage mandate in increasing coverage in this group.
Most of our results are robust to excluding the 14 states that had partial or full expansions prior to 2014 from the analysis, with the exception
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